Cerebral venous sinus thrombosis (CVT) is a rare cause of stroke and the clinical presentation is variable, thus mimicking other neurologic pathologies. One of the more common acquired risk factors of venous sinus thrombosis is oral contraceptive medications such as Yaz. While the prognosis for CVT is favorable, it is important to identify and treat early to prevent neurologic deficits. We report two cases of young female patients who presented with sinus thrombosis and review the current literature on this topic. CVT accounts for 0.5% of strokes and most commonly presents with headaches and in many cases focal neurologic deficits. Diagnosis is confirmed with neuroimaging including CT angiography or MR angiography. Treatment consists of anticoagulation and in some cases, thrombolytic therapy is beneficial. The overall prognosis of CVT is favorable but, further research is needed to outline optimal treatment options including the duration of anticoagulation therapy and the role of thrombolytic therapy to prevent serious neurologic deficits.
INTRODUCTION
Cerebral venous sinus thrombosis (CVT) is a rare cause of cerebral injury, accounting for approximately 0.5% of all strokes [1] [2] [3] [4] [5] [6] . In the adult population, the incidence of CVT is estimated to be around 3 -4 cases per one million people and most commonly occurs between the ages of 20 -40 years with a mean age of 38.7 years [4, 5] . Presenting symptoms can be variable and may lead to misdiagnosis or delay in treatment; therefore, it is important for clinicians to consider CVT when evaluating patients, especially those at increased risk of thrombosis.
CVT is three times more prevalent in women and those taking oral contraceptive pills (OCPs) are at increased risk of venous thromboembolic events [4, 7] . The World Health Organization recommends avoiding using OCPs in women who have thrombogenic mutations, who smoke, are older than 35 years of age, and who have given birth 21 days prior to starting an OCP to prevent thromboembolic complications [8] . Despite these risks, 64% of women in their reproductive age use some method of contraception, most commonly OCPs [8, 9] . Newer generation combined OCPs such as Yaz (dropirenone/ethinyl estradiol manufactured by Bayer Pharmaceuticals), contained smaller doses of estrogen derivatives and different progestins in order to minimize negative side effects such as breakthrough bleeding, nausea, fluid retention, and thrombophilia [9] [10] [11] . The risk of venous sinus thrombosis has been shown to be similar in patients taking pills containing dropirenone and levonorgestrel, another form of progesterone associated with low thrombotic risk [8, 11, 12] ; thombotic events were more commonly deep vein thromboses and pulmonary emboli. We describe two low risk patients taking Yaz who presented with sinus thrombosis and review the current literature on this topic. right arm numbness that started one day prior to admission. After a few hours, she developed shortness of breath, questionable seizure activity, and was taken to an outside hospital for examination. Upon arrival to that hospital, she was intubated for airway protection given her altered mental state and a CT scan of her head showed a hypodensity in the posterior parietal lobe suggestive of infarction; thus, she was transferred to our hospital for further treatment. Her past medical history was unremarkable and her medications included Yaz OCP's. She did not smoke and had no family history of hypercoagulopathies. On clinical exam, she had no focal neurologic deficits. Subsequent brain Magnetic Resonance Venography (MRV) showed superior sagittal sinus (SSS) thrombosis, multifocal areas of venous infarction, and cerebral edema. A cerebral angiogram confirmed occlusion of the anterior and middle segments of the SSS. A hypercoagulability workup was negative and she was started on intravenous heparin followed by oral warfarin therapy.
Her neurological exam improved and she was discharged with slight decreased sensation in her right upper extremity. At a three month follow up, her paresthesias had resolved and an MRV showed recanalization of the SSS.
Case Two
A 20-year-old female presented to an outside hospital with a four day history of progressively worsening headaches. On the day of presentation, her headache was associated with nausea, vomiting, neck stiffness, and photophobia without any neurologic deficit. She denied any history of trauma or recent infection and had no significant past medical history. This patient was also taking Yaz for about one year, did not smoke, and had no other risk factors for thromboembolic events. Prior to transport to our hospital, a brain CT scan showed a hyperdensity in the right transverse sinus (TS), right cerebellar intraparenchymal hemorrhage, and subarachnoid hemorrhage.
MRV showed thrombus in the right internal jugular vein (IJV), right TS, right sigmoid sinus (SS), and right occipital hemorrhage with associated cerebral edema. The extent of thrombosis was confirmed with cerebral angiography. She was started on a heparin drip and bridged to warfarin therapy. Follow-up imaging showed mildly increased subarachnoid hemorrhage, but clinically she remained stable. Additionally, a subsequent MRI showed a venous infarct in the right temporal lobe.
Hypercoagulable workup was normal and she was discharged in good condition on warfarin. Follow-up imaging showed residual thrombus in the right sigmoid sinus, but the patient remained in stable condition with only mild intermittent headaches.
DISCUSSION AND LITERATURE REVIEW

Signs and Symptoms
Patients with cerebral venous sinus thrombosis can present with varying signs and symptoms that can mimic other pathologies making the diagnosis more difficult. The largest study of cerebral venous sinus thrombosis, the International Study on Cerebral Vein and Dural Thrombosis (ISCVT), was a prospective multicenter observational study of patients with CVT that included 624 adults with CVT to examine the natural history and outcome of CVT. The most common presenting symptoms were headache, paresis, papilledema, and seizure. This study found that most patients present within 4 days of symptom onset; 37.2% with an acute presentation, 55.5% with a subacute presentation, and 7.2% with a chronic presentation. Delay in presentation can be attributed to the often vague presenting signs and symptoms and delay in diagnosis after seeking medical attention. 83.3% of patients were acutely treated with intravenous heparin or low molecular weight heparin and at 6 months 79.6% of patients continued to take oral anticoagulation. The thirty day mortality rate was 3.4% while 79% of patients experienced complete recovery within six months [1] .
Another study included 109 patients in the Middle East and outlined the natural history of CVT and showed similar results to the ISCVT study. 81% presented with headaches, 45% with focal neurologic deficits, 39% seizures, and 37% experienced mental status changes. 67% of these patients were treated with anticoagulation, 85% were independent at follow up and they report an 8% mortality rate [2] .
There are several case studies in the literature that also describe the frequency of typical signs and symptoms associated with venous sinus thrombosis. A series of 41 patients diagnosed with venous sinus thrombosis was described and the most frequent presenting symptoms were headache (80%), focal motor deficit (39%), visual disorders (29.2%), diplopia (21%), coma (19.5%), hemiparesis (12.2%), and papilledema (9.75%) [13] . Another series that included 38 patients showed similar results with 75% of patients presenting with headaches, 45% papilledema, 34% hemiplegia, and 29% had Jacksonian or Grand Mal seizures [14] . Other smaller case series present similar results as well [3, [15] [16] [17] [18] [19] [20] [21] [22] . These signs and symptoms are not unique to CVT and could explain the delay in diagnosis observed in the ISCVT trial.
Risk Factors
The ISCVT trial found that 43.6% of patients with CVT had at least one inherited or acquired prothrombotic conditions leading to venous sinus thrombosis [1, 23] . Oral contraceptive (OCP) use is an acquired risk factor that can contribute to CVT formation and is generally associated with lower morbidity and mortality rates than other patients with CVT not taking OCPs [4, 7] . Both patients described by us above were taking oral contraceptive pills, which have been known to increase a patient's risk for venous thromboembolic events including CVT. The odds ratio associated with OCP use is 5.59 (95% CI 3.95 -7.91) and CVT occurs more commonly in patients taking third generation OCPs [7, 24, 25] . The mechanism by which hormonal stimulation increases the risk of venous thrombosis is unknown. Hormone therapy does impair protein-S activity and increases prothrombin levels in the blood leading to a hypercoagulable state. OCPs may also increase levels of fibrinogen and factors VII, VIII, and X thereby increasing a patient's risk of venous thrombosis [7, 24] .
Peurperium states are also associated with increased risk of CVT. Pregnancy induces a prothrombotic state that can be exacerbated by delivery trauma and dehydration associated with labor. CVT is more common in the third trimester and for six to eight weeks postpartum. Approximately 2% of pregnancy-associated strokes are due to CVT [23] .
Other acquired risk factors include CNS malignancy and CNS infection; both are associated with a worse prognosis [7] . In the ISCVT trial, 7.4% of patients were also diagnosed with malignancy and 12.3% with infections; the greatest frequency of infections was in the head and neck regions [1] .
Inherited risk factors can also increase risk of developing CVT. Factor-V Leiden and activated protein-C resistance are the most prevalent hereditary mutations associated with CVT [7, 26] . Prevalence of these mutations range from 10% -12.4% of cases. Prothrombin G20210A mutation is found in 2% -3% of healthy individuals and causes higher than normal levels of circulating prothrombin leading to increased incidence of venous thrombotic events. In case control studies it has been found to be associated with CVT in 11% -20% of patients [7, 23] . Other less common hereditary mutations found in patients with CVT include hyperhomocysteinemia, protein-C, protein-S, and antithrombin deficiencies [7, 23] .
Pathogenesis
There are two pathophysiologic mechanisms proposed that cause the signs and symptoms described in CVT: venous occlusion with infarction and intracranial hypertension secondary to resulting hydrocephalus. Occlusion of cerebral veins causes localized cerebral edema and venous infarction leading to ischemic neuronal damage and petechial hemorrhages which can merge to become large hematomas. Additionally, venous congestion causes a rise in intracranial pressure, a decrease in capillary perfusion pressure, and increase in blood volume. These changes lead to high venous system pressure and disruption of the blood brain barrier causing vasogenic edema. Cytotoxic edema also develops due to failure of the Na + /K + ATPase dependent pump. Furthermore, inflammatory cell infiltration at the site of thrombosis can exacerbate cerebral edema [27] .
Secondly, occlusion of the major venous drainage pathway leads to the development of intracranial hypertension by blocking the normal cerebrospinal fluid drainage pathways. Obstruction of the cerebral sinuses inhibits CSF drainage from the arachnoid granulations leading to elevated ICP and worsening brain injury [5,27-29].
Radiographic Findings
CVT can be difficult to diagnose given the vague symptomatology and the large spectrum of clinical presentations; thus, imaging studies can aid in the diagnosis and exclude other benign etiologies. Non-enhanced CT scans can quickly rule out other causes of the patient's presenting symptoms and are commonly the first diagnostic test done in the emergency room. Classically, CT scans of patients with sinus thrombosis depict a hyperatenuating thrombus in the occluded sinuses; however, this sign is only present in approximately 25% of patients [4, 17, 29] . Hyperattenuated sinuses can also be found in patients with dehydration, elevated hematocrit, or adjacent hemorrhage.
Contrast enhanced CT scans can provide additional information. Filling defects in the sinus also known as the "empty delta sign" suggest thrombosis; however, this sign is only present in 29% of patients [4, 5, 22, 29] . While CT scans are quick tests to obtain in an emergency room setting to assess the extent of parenchymal injury, CT and MR angiography are helpful to demonstrate the extent of thrombosis.
CT or MR angiography allow for direct visualization of the cerebral vasculature and can be used as a confirmatory test. While MR venography has been considered a gold standard, CT angiography takes less than one minute to obtain images and is less affected by motion artifact. In a direct comparison of the two imaging modalities in 30 patients with CVT, thrombus was detected in the same patients; however, CT angiography detected more extensive thrombus in these patients. The correlation coefficient between the two imaging modalities was 0.7913. When using MR angiography as the gold standard, CT angiography had a sensitivity of 91.4% and a specificity of 93.7% [17] . Conventional catheter-based angiography remains the gold-standard for imaging the arterial and venous phases and also for assessing flow and hemodynamic alterations.
MR imaging can be useful to determine the age of the thrombus. Acute thrombus is isointense on T1 weighted imaging and hypointense on T2 due to the presence of deoxyhemoglobin in the thrombus. 10% -30% of patients present with acute thrombus on MR imaging. Subacute thrombus is hyperintense on T1 and T2 weighted images due to the presence of methemoglobin and is detected in 55% of patients at time of presentation. Chronic thrombus has variable imaging presentations and may or may not show evidence of recanalization. GRE sequences can also detect the presence of blood breakdown products and can be useful in diagnosing CVT [29] .
The most common sinuses affected are the superior sagittal sinus, transverse, sigmoid, and deep venous system. Multiple thrombi are present in up to 90% of patients [1, 4, 23, [28] [29] [30] [31] .
Parenchymal injury in association with CVT is present in approximately 35% -57% of patients [16, 17, 29] . Focal edema can be detected on CT and MR imaging in approximately 8% and 25% of cases respectively [29] . One study found a correlation between severe cognitive deficits and thalamic injury seen on imaging studies [16] . Areas of hemorrhage occur in 30% -60% of patients with CVT. Hemorrhage in the frontal or parietal lobes suggests superior sagittal sinus thrombosis whereas hemorrhage in the temporal or occipital lobes is more common with transverse sinus thrombosis [17, 29] .
Other Diagnostic Tests
Measuring d-dimer, a product of fibrin degradation, has been used to exclude diagnosis of DVT and pulmonary embolus; however, the specificity is poor given the multiple causes for elevated d-dimer. As CVT occurs due to similar hemodynamic abnormalities, d-dimer measurements have been studied as a screening tool. A multicenter prospective study examined d-dimer sensitivity in the evaluation of CVT in which 35 patients were diagnosed with CVT and 34 had a positive d-dimer. When comparing to 308 patients without CVT, 27 had positive d-dimers, yielding a sensitivity of 97.1%, specificity of 91.2%, negative predictive value of 99.6%, and positive predictive value of 55.7% [32] . Negative d-dimer levels can help rule out CVT in patients with low suspicion for the diagnosis [23] .
Medical Management
Heparin was first used as a treatment for CVT in 1941, but this therapy remained controversial for many years due to the possibility of spontaneous cerebral hemorrhage despite the risk of increasing thrombus size without anticoagulation treatment. The first randomized control trial of unfractionated heparin versus placebo was stopped after 20 patients were enrolled as there was a clear benefit seen in patients receiving heparin treatment. Eight patients receiving heparin treatment versus two in the placebo group had a good outcome; furthermore, three patients in the placebo group died demonstrating a clinical benefit to heparin therapy over placebo [33] .
A follow-up randomized placebo control study by de Bruijn et al. [34] of low molecular weight heparin in 60 patients found no significant difference in outcome between the placebo and treatment group. A poor outcome was seen in 20% of the treated group and 24% of the placebo group; however, the treatment group trended towards improved outcome after 12 weeks of treatment. Additionally, there were no increases in cerebral hemorrhage in either study [33, 35] . While there was no significant difference between the two treatment groups, anticoagulation treatment did not worsen outcome and may be used effectively to treat CVT [23] .
To compare the efficacy of fractionated versus unfractionated heparin, a prospective cohort study using data from the ISCVT suggested better efficacy and safety profile when comparing the two forms of heparin [20] . Based on these and other smaller case series, patients with CVT can be treated effectively with both forms of heaprin [34, 36, 37] .
Oral anticoagulation should be initiated following acute treatment with heparin. If the patient does not have inherited thrombophilia or recurrent thrombosis, three to six months of therapy may be sufficient [21, 34] ; however, there is no class one evidence supporting any particular length of treatment.
Anti-epileptic drugs are recommended in the acute phase of injury by the AHA and ASA if a patient suffers one episode of epileptic activity [23] . Based on the ISCVT study, 39.3% of patients with CVT developed seizure activity; focal (9.3%), generalized (19.7%), both (10.3%), or status epilepticus (0.5%). Seizure activity was more common in patients with motor deficits, cerebral lesion such as a hemorrhage, or superior sagittal sinus or cortical vein thrombosis [38] .
Thrombolytics
Although most patients suffering from CVT are successfully managed with systemic anticoagulants, some patients worsen, requiring further treatment with local thrombolytics or mechanical thrombectomy. Wasay et al. [39] compared local urokinase administration to systemic heparin in 40 patients. 20 patients were treated with endovascular administration of urokinase via the femoral vein into the superior sagittal sinus followed by treatment with systemic heparin. These patients were compared to 20 patients treated with systemic heparin alone and no worsening neurologic deficit or worsening hemorrhage was noted; in fact, neurologic exam at discharge was better than patients who were treated with heparin only.
Similarly, a prospective study of 20 patients with CVT examined outcomes after endovascular treatment with urokinase and mechanical thrombectomy (15 patients) followed by systemic heparin or LMWH therapy. These patients were selected because they were assumed to have a poor prognosis if treated with systemic anticoagulation alone based on altered mental status, coma, straight sinus thrombosis, or large space occupying lesions. Despite the initial poor prognosis, 12 patients were catagorized as having an execellent recovery or having minor handicaps. The mortality rate in this study was higher than previously published, but could be attributed to the sicker patient population [40] .
A systematic review of this topic included 169 patients and analyzed the type of thrombolytic used, method of delivery and outcome. 88% of these patients were treated with local administration versus system administration of the thrombolytic and 56% received either a single dose or infusion lasting <24 hrs. Urokinase was used in 75%, 22% received rtTPA, the rest received either streptokinase or multiple agents. 86% of these patients were independent at discharge which is comparable to outcomes in large case studies of all patients treated for CVT. Complications from thrombolytic treatment included extracranial hemorrhage, intracranial hemorrhage. Recanalization occurred in most patients and was less likely to occur in those patients treated with systemic thrombolytics [39, [41] [42] [43] [44] . Based on these studies, thrombolytics may benefit some patients for which anticoagulation therapy does not prove sufficient treatment.
Direct thrombectomy can be considered in patients who do not respond to medical management. Several case repots in the literature describe successful mechanical thrombolysis of the thrombus followed by direct thrombolytic administration [45] [46] [47] [48] [49] [50] [51] . For example, case reports using the AngioJet device, a water suctioning device commonly used in cardiac catheterization, has been shown to successfully disrupt cerebral venous sinus thrombosis without worsening clinical outcome [45, 52] . Despite initial success, these cases represent a publication bias and further research is needed before such interventions become standard of care.
Long Term Evaluation and Prognosis
Approximately 80% of patients with CVT have a good outcome. Mortality rates reported in the literature range from 2% -8% and 65% -90% of patients make a complete recovery with minimal neurologic deficit [1] [2] [3] 13, 14, 16, 22, 34, 53, 54] . In multiple studies, poor prognosis correlated with male gender, older age, coma, malignnancy, CNS infection, and worsening exam after admission [44, 53] . Pregnancy, peurperium, and oral contraceptive use are associated with a better outcome than those patients with systemic disease such as malignancy or inherited thrombophilia [4, 16] .
The recurrence rate of venous thromboembolic events ranges from 5% -13% and such events usually recurred within one year of the original CVT. Long term follow up based on the ISCVT study found that 5.8% of patients had a recurrent venous thromboembolic event and that 63.2% occurred in the first year. Of these patients, 2.2% had recurrence CVT, while the rest had either deep venous thrombosis or pulmonary embolism. Risk factors for recurrence include male gender and polycythemia or thrombocythemia [55] . Similar results were found in other smaller retrospective studies. Martinelli et al. [31] found a recurrence rate of 10% and of these 3% had recurrent CVT and recurrence was higher in males. Gosk-Bierska et al. [54] found 13% recurrence of venous thromboembolism with a median time to recurrence of 10 months. Ferro et al. [53] found a recurrence rate of 2%.
CONCLUSION
Cerebral venous sinus thrombosis is a rare cause of stroke that presents with variable symptoms that can mimic other neurologic pathologies. Important risk factors include genetic prothrombotic states, peurperium states, use of oral contraceptive medications, and infection. Prompt verification of the thrombosis with neuroimaging such as MR or CT angiography is necessary to provide adequate treatment in a timely manner. Further research is needed to define the duration of anticoagulation therapy as well as the role for endovascular thrombolysis.
